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and III), with a low K , for glucose, play a minor role, and the major control of glucose phosphorylation is by glucokinase (isoenzyme IV), which is specific for glucose and has a high K, . Dephosphorylation of glucose 6-phosphate is catalysed by glucose 6-phosphatase.
The absence of glucokinase from chicken liver was reported by Sols et al. (1964) , but Pearce (1970) has reported its presence and showed that its activity increased on feeding a high-glucose diet. If glucokinase is absent from chicken liver, some control must exist to prevent glucose phosphorylation during carbohydrate deprivation.
The object of our experiments was to investigate the mechanisms controlling glucose phosphorylation and glucose 6-phosphate dephosphorylation in chicken liver.
Chickens (4-6-weeks-old) were used. Glucose (2g in 2ml of water) was given orally to 24h-starved chickens at 1 h intervals for 3 h. The chickens were killed 1 h after the final dose.
After removal, livers were placed on ice. For hexokinase (EC 2.7.1.1) 50% homogenates were prepared by hand homogenization in buffer A (Dawson & Hales, 1969) . High-speed supernatants were obtained by centrifugation at 105000g for 75 min. All homogenates and supernatants were dialyzed against buffer A for 2h before assay with final glucose concentrations of 0 . 8 3 m~ and 8 3 . 3 m~. Rates of glucose 6-phosphate production, without ATP, were also determined at both glucose concentrations (Vinuela et al., 1963).
For glucose 6-phosphatase (EC 3.1.3.9), 10% homogenates were prepared in 8 0 m~-sodium citrate, pH 6.8. Glucose 6-phosphate hydrolysis was assayed with final concentrations of 27m~-sodium citrate, pH 6.8, and 13 mwglucose 6-phosphate. The reaction was started by adding freshly prepared homogenate. Incubations were at 37"C, and the PI liberated was measured (Fiske & SubbaRow, 1925) . Reagent blanks without glucose 6-phosphate or homogenate were also determined.
The measurement of glucose-phosphorylating activity at both 83.3 mM-and 0.83 mMglucose was used to determine whether a high-K, phosphotransferase was present in homogenates and supernatants of chicken liver. A slightly faster rate of glucose 6-phosphate production was always observed at the higher glucose concentration. Thus the results are expressed as the ratio of the activities at the high (H) and low (L) glucose concentrations ( Table 1) . The H/L ratios of activity obtained from homogenates and high-speed supernatants were similar and were consistently greater than I. On average the rate of phosphorylation was 14% faster at the higher glucose concentration. The effect of substrate concentration on enzyme velocity showed Michaelis-Menten kinetics for glucose, fructose and ATP. The Michaelis constants were calculated to be 72,u~, 5.41 mM (both at ~~M -A T P ) and 1 . 3 7 m~ (at 83.3m~-glucose) respectively.
No high substrate concentration inhibition of hexokinase was observed with either ATP or glucose. N-Acetyl-D-ghcosamine inhibited hexokinase competitively with respect to glucose, with a KJK, ratio of 0.22. ADP inhibited hexokinase with a Ki of 1 . 2 4 m~.
Glucose 6-phosphatase activity in liver homogenates from 24h-and 48 h-starved chickens was always double that observed in fed birds. There was a progressive increase in glucose 6-phosphatase activity with time of starvation (Fig. la) . The increase was 20% after 4h, and reached a maximum 10h after food withdrawal (Fig. lb) . The passage of food through the alimentary tract of young chickens is a rapid process (Kaupp & hey, 1923) , and absorption will probably have ceased less than 6h after removal of food.
VOl. 4 Time of starvation (h) 6-phospha tase Values are means of activity from four livers. In (a) (1) is activity in fed chickens, (2) is activity in 24 h-starved chickens and (3) is activity in glucose-loaded chickens.
Glucose loading rapidly decreased the glucose 6-phosphatase activity of starved chickens to fed values.
When hexokinase and glucose 6-phosphatase activities were measured in homogenates of a single liver, hexokinase was decreased after 24h of starvation, and glucose 6-phosphatase increased by 100 %. Glucose loading of starved chickens increased hexokinase activity, but glucose 6-phosphatase activity was rapidly decreased to fed values.
The glucose-phosphorylating activity at high and low glucose concentrations failed to show any differences that could be ascribed to glucokinase. The increase in hexokinase activity as the glucose concentration rose may be predicted from the Michaelis-Menten equation:
As the substrate concentration rises from 0.83 to 83mM, the velocity should increase by 10%. We observed this, as did Ureta et al. (1972) . Although Ureta etal. (1971), Solsetal.
(1964) and we, in these present experiments, found no glucokinase activity, Pearce (1970) reported its presence in 8-week-old chickens. Much of this glucokinase activity is caused by the change in activity as the substrate concentration is increased from 0.5 to lOOmM and by the absence of high-glucose inhibition of avian liver hexokinases. Acute glucose loading (4h) did not, in our experiments, induce glucokinase, whereas Pearce (1970) found that 4 days of glucose-based diet induced significant glucokinase activity. This observation remains to be explained.
No alteration of the H/L ratio of phosphorylating activity was found after 24h of starvation or starvation plus glucose loading. Thus there is no evidence for an adaptive enzyme involved in phosphorylating glucose in avian liver, as there is in rat liver (Perez ef al., 1964).
Glucose 6-phosphatase activity responded rapidly to starvation. Glucose phosphorylation and dephosphorylation may therefore be regulated by substrate cycling.
VOl. 4 BIOCHEMICAL SOCIETY TRANSACTIONS
Thus dephosphorylation will increase during starvation as the ratio of dephosphorylating/phosphorylating activity increases by 4.5. Acute glucose loading alters this ratio to 1.5 times the fed value.
Chicken liver hexokinases differ from rodent liver hexokinases in several important respects. No isoenzyme inhibited by high glucose concentrations is present in avian liver (Ureta et al., 1972) , and we observed no inhibition of activity over a wide range of glucose concentrations. Inhibition of chicken liver hexokinases by N-acetylglucosamine had a K,,,/K, ratio of 0.22. This value is intermediate between tlle 0.02 of rat hexokinase and the 15 of rat glucokinase (Viiiuela et al., 1963) .
Thus there is no evidence for the presence of chicken glucokinase under normal nutritional conditions or under starvation plus acute glucose loading. The rate of glucose uptake and efflux from chicken liver is therefore likely to be regulated by substrate cycling involving glucose 6-phosphatase and hexokinase. Electron micrographs of kidney cortex tissue, conventionally fixed and sectioned, invariably show the microvilli of the proximal tubule to be regular elongated structures. By contrast, the appearance of brush borders and free microvilli prepared by subcellularfractionation procedures frequently show some, often extensive, vesiculation. Indeed, all examples of negatively stained brush borders and microvilli, whether prepared from kidney or intestine, so far reported show this change in form (see, for example, Rostgaard & Thuneberg, 1972; Johnson, 1967) . We noticed that non-vesiculated brush borders could be prepared by using a modification of the method of Thuneberg & Rostgaard (1968) , provided that great care was taken to ensure that the temperature throughout the preparation and negative staining was maintained between 0" and 2°C. The present communication reports some experiments designed to explore the mechanism of this temperature-dependent vesiculation process.
Brush borders were negatively stained with 4 % (w/v) ammonium molybdate, which is iso-osmolar with the O.S~-sucrose used in the preparation (Muscatello & Horne, 1968) . The extent of vesiculation was quantified by superimposing projected photographic negatives on a grid or radial pattern. The maximum widths of those microvilli whose tips crossed a radial line or touched the intersection of two grid lines were measured. For each sample, the maximum widths of 50 such microvilli were measured and the mean of these measurements was taken as an indication of the extent of vesiculation.
The rate of vesiculation was found to increase rapidly with increasing temperature. At 37"C, the mean maximum microvillus width increased from 80nm to 400nm in 40min. Recooling to 0°C halted, but did not reverse, the vesiculation. When brush borders were incubated in hypo-osmolar sucrose (0.1 M) at O' C, a slow vesiculation was observed. However, at 37"C, sucrose concentrations as high as 1 . 0~ did not prevent the brush borders from vesiculating, although a transient shrinkage occurred during the first 6min of incubation. Examination of several media revealed that the temperature-
